Abstract
Introduction
The script concordance test (SCT) was introduced in 2000 by Charlin, aiming to assess the higher-order clinical reasoning skills of medical students (Charlin, Roy, Brailovsky, Goulet, & van der Vleuten, 2000) . It is a useful assessment tool to test clinical reasoning and data interpretation skills, and has been shown to be valid (Lubarsky, Vleuten, Charlin, Chalk, & Cook, 2011) .
The SCT is a written format currently in widespread use internationally to test clinical reasoning in health professional education. In recent years, the SCT has been used in various medical disciplines, such as internal medicine, paediatrics, emergency medicine, neurology, surgery, anaesthesia and radiology (Boulouffe, Doucet, Muschart, Charlin, & Vanpee, 2014; Brazeau-Lamontagne, Charlin, Gagnon, Samson, & van der Vleuten, 2004; Carrière, 2009; Drolet, 2015; Nouh et al., 2012; Tan, Tan, Kandiah, Samarasekera, & Ponnamperuma, 2011) . The SCT has also been used to assess other discipline areas where classical written multiple-choice questions (MCQs) or shortanswer questions (SAQs) are difficult to develop, for example, in assessing medical ethical principles and professionalism (Foucault, Dubé, Fernandez, Gagnon, & Charlin, 2015; Tsai, Chen, & Lei, 2012) . While more traditional assessment formats such as MCQs and SAQs tend to assess students' lower taxonomic orders of thinking, SCT questions can be used to assess a higher order of thinking (Palmer, Duggan, Devitt, & Russell, 2010) . Some forms of modified essay questions (MEQs) have been shown to fail to assess higher cognitive skills and have been replaced with a SCT examination (Duggan & Charlin, 2012; Palmer et al., 2010) .
The SCT has been shown to be both valid and reliable in several studies, including a country-wide validation study (Dory, Gagnon, Vanpee, & Charlin, 2012; Lubarsky et al., 2011; Nouh et al., 2012; Wan, 2015) . The reliability of a 60 to 90-minute examination had a Cronbach alpha of 0.7-0.85 (Nouh et al., 2012; See, Tan, & Lim, 2014) . Evidence supporting the construct validity based on the progression of SCT performance related to the clinical experience from undergraduate students to postgraduate fellowship training has also been reported (Ducos et al., 2015; Lambert, Gagnon, Nguyen, & Charlin, 2009; Wan, 2014) .
The SCT assessment format has been successfully implemented in undergraduate and graduate-entry medical schools, residency and fellowship training worldwide as well as in nursing schools (Chang et al., 2014; Dawson, Comer, Kossick, & Neubrander, 2014; Duggan & Charlin, 2012; Irfannuddin, 2009; Kow, Walters, Karram, Sarsotti, & Jelovsek, 2014; Nouh et al., 2012; Palmer et al., 2010) . In fact, SCT is one of the few currently available assessment tools for clinical reasoning in the written format (Nouh et al., 2012) . It can be implemented relatively easily in the paper-based format or online, and the scoring can be done electronically.
In a typical SCT question, candidates are presented with a clinical scenario followed by an additional piece of information. They are then asked for the probability of the suggested diagnosis or the appropriateness of a proposed investigation or management. ISSN 1442-1100
The descriptors for the response options range from ruling out/contraindicated (-2), less likely/less appropriate (-1), neither less nor more likely/appropriate (0), more likely/ appropriate (+1) to definitive diagnosis/absolutely necessary (+2).
This process reflects how practising clinicians retrieve their "illness scripts" or network of previous clinical experience (about similar patient encounters) when faced with uncertainty with diagnosis, investigation or management (Lubarsky et al., 2011; Wan, 2015) .
In order to allow the students to choose from the full range of the five response options, "much less likely (-2)" rather than "ruling out the diagnosis" and "much more likely (+2)" rather than "definitive diagnosis" are used in the questions in our school (Wan, 2015) . Two sample SCT questions on diagnosis and management are shown in Figure 1 .
To score these SCT questions, the student's decision is compared to that of a reference expert clinician panel. Students are able to score marks according to the "concordance" in the decision with the majority of the panel. A partial score is given if the decision concurs with a minority of the panel. An example of using a formula to calculate the weighted scores is shown in Table 1 .
Recent literature on the SCT highlighted the observation that the SCT format of aggregate partial credit scoring can be subjected to the validity threat of candidates' test-taking strategy of simply avoiding the extreme response options (Lineberry, Kreiter, & Bordage, 2013) . This is similar to the response style coaching strategies described in situational judgment tests that could increase the candidates' scores significantly (Cullen, Sackett, & Lievens, 2006; McDaniel, Psotka, Legree, Yost, & Weekley, 2011) .
Candidates might choose to avoid the extreme response options (-2 or +2) thinking that the probability of these responses being correct would be low, or they might have a lack of confidence in choosing such extreme options.
Aims
In the present study, we investigated whether or not there is a significant association between the propensity to avoid the extreme response options in SCT (-2 or +2) and the overall SCT scores.
Methods

Participants
In 2013-2015, SCT examinations were implemented in our graduate-entry medical school in NSW, Australia. We collected de-identified data from six clinical SCT written examinations undertaken by three successive cohorts of penultimate-year clinical students and three successive cohorts of final-year clinical students (n = 660). A set of 40 SCT items was given in each examination. The reference panels consisted of clinician experts who were actively involved in teaching the students, general practitioners and academics. Scoring of the items was done according to the formula described in Table 1 .
Analysis
We have operationalised propensity in "avoiding the extreme response options" as cases where a candidate's proportion of answers in the middle range (-1, 0, +1) for all 40 items in the SCT was 15% higher than that of the reference panel's. For example, if the reference panel's response pattern showed 50% of responses in the middle range (-1, 0, +1) in a SCT, then if a student's response pattern showed 67.5% of the answers chosen were in the middle range (-1, 0, +1), the student would be deemed to be adopting a test-taking strategy in avoiding the extreme options (-2 or +2). De-identified data in the form of candidates' response pattern in individual SCT items, their total SCT scores, as well as the response data from the expert reference panel were collated and analysed. The proportion of responses to SCT items in the middle-range response options (i.e., -1, 0 and +1) for individual candidates were calculated. They were compared with an expert reference panel's responses, to identify cases of avoidance of extreme-response options.
Chi-square test of association between propensity in avoiding extreme options by candidates and their actual performance in SCT, i.e., the quartile where their overall SCT scores were located within the cohort, was analysed using IBM SPSS © package version 23. 
Results
A total of 660 clinical-year students from six cohorts in the school (three from final year and three from the third year in the four-year medical course) sat the SCT examination.
Using a chi-square test of independence to compare the frequency of avoidance of extreme-response options and the quartile of candidates' overall performance in SCT, a significant association was found (χ 2 (3, 660) = 26.29, p < 0.001) ( Table 2) . Candidates whose SCT scores were in the lowest (first) quartile were more likely to avoid the extreme response options (55%) than other students. This was followed by students in the second quartile (45%) and then students in the third quartile (33%). Students whose SCT scores were in the top quartile had the lowest incidence of avoidance of extreme-response options (30%). The aforementioned observation from the chi-square analysis of pooled data from 2013-2015 was also evident in the data within each of the cohorts (2013 to 2015) . This is reported in Table 3 and Figure 2 . 
Discussion
Data from our study shows a significant negative association between overall SCT scores and the propensity to avoid the extreme-response options. This negative association suggests that candidates who tend to avoid extreme-response options do not achieve inflation of their SCT scores, in contrast to the findings from Lineberry, Kreiter and Bordage (2013) . A further follow-up study using post-hoc simulation and rescoring of SCT data will provide more evidence on the actual impact of extreme-response options avoidance on candidates' overall SCT scores.
The response pattern, that is, propensity to avoid extreme options, of the students whose SCT scores were in the lowest quartile, could be due to a test-taking strategy or avoidance of the extreme-response options simply because they were not confident about the likelihood of a diagnosis or management plan (due to poor command of basic clinical science knowledge). Such avoidance obviously did not advantage them in terms of getting higher scores.
The aforementioned findings could be a result of some pre-emptive strategies in the study context. Apart from fulfilling the usual blueprinting in ensuring a sufficient spread of clinical scenarios for representativeness of item sampling for each SCT paper, items with roughly equal number of full marks in each option across the five response options are selected from the SCT-item pool. In other words, to mitigate the impact of any test-taking strategies that may have been adopted by students, we select SCT items with modal answers from the expert reference panel that cover the full 5-point Figure 2 . Percentage avoidance of extreme-response options in SCT by candidates' overall performance by quartile in SCT scores. VOL. 18, NO. 2, 2017 ISSN 1442-1100
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Likert scale response options. Students should not be advantaged or disadvantaged by selecting predominantly the "-1", "0" or "+1" response options and avoiding the extreme options of "-2" and "+2". Student performance on SCT tests will then more likely reflect student expertise in clinical reasoning rather than expertise in test-taking behaviour, or confidence in reaching a definitive decision.
While the data for this study only came from one medical school, the study sample was reasonably large (n = 660) and included six cohorts of students. The findings and resulting recommendations related to construction of SCT items should be generalisable to other settings. A limitation of this study is the pure quantitative method used in the analysis. A think-aloud protocol would have been useful to analyse the actual reasons behind the candidates' avoidance of the extreme-response options in SCTs.
Therefore, another study is underway to look at the underlying reasons for candidates avoiding the extreme responses. A focus group discussion and think-aloud analysis will look deeper into what is in the students' mind when they choose to avoid the extreme-response options in SCT, i.e., whether this avoidance behaviour is due to lack of confidence in their command of clinical science knowledge for clinical reasoning and decision making, or it is a conscious test-taking strategy employed by the students.
Before conclusive recommendations can be made, further work to investigate the issue of potential threats to validity of SCT scores are crucial, particularly using empirical data from other medical schools using SCT as an assessment modality. A simulation study through post-hoc rescoring of current SCT data set (as briefly mentioned before) will be conducted in this study context to further investigate the extent of score inflation in SCT as a result of complete avoidance of extreme-response options (by recoding "-2" to "-1"; "+2" to "+1") or as a result of only choosing "0" as the answer to all items which were performed by other colleagues (Lineberry et al., 2013; See et al., 2014) .
Conclusions
Students whose SCT scores are in the lowest quartile seem more likely to avoid the extreme-response options in answering SCT questions.
Developing good-quality SCT questions is not easy. As with all other assessment modalities, careful planning and development of SCT items, along with necessary quality assurance and quality monitoring mechanisms, are crucial to mitigate possible threats to the validity of SCT scores. Acknowledging the vulnerability of SCT scores to possible validity threats due to the format of SCT response options and the characteristics of aggregate partial-credit scoring models is crucial. As demonstrated by the study findings, careful construction and selection of items that can be built into the SCT development procedures may be helpful to mitigate some of the plausible threats to validity of SCT scores. Particular care should be taken to develop SCT items that could attract the full range of the 5 response options available for student answer choice. In other words, the additional pieces of new information should result in the consideration of "-2" and "+2" as well as "-1", "0" and "+1" options.
